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ABSTRACT

Seasonal Movements of fluvial Bonneville Cutthroat Trout in the Thomas Fork
of the Bear River, Idaho-Wyoming

by

Warren Colyer, Master of Science
Utah State University, 2002

Major Professor: Dr. Jeffrey L. Kershner
Department: Fisheries and Wildlife

The majority of interior cutthroat trout (Oncorhynchus clarki) subspecies have been
extirpated from large rivers by anthropogenic activities that have fragmented habitats and
introduced non-native competitors. Selective pressures against migratory behaviors and
mainstem river occupation and conservation schemes that isolate genetically pure
populations above barriers have restricted gene flow and prevented the expression of
fluvial life history traits in many populations. Existing knowledge about the movements
and home range requirements of fluvial cutthroat trout is therefore limited . We implanted
a total of 55 Bonneville cutthroat trout (BCT) in the Thomas Fork River, Idaho, with
radio transmitters and located them weekly or bimonthly from October to April of both
1999/2000 and 2000/200 I . Half of these fish were located above a seasonal diversion
barrier and half were located below. We found fish to be more mobile than previously
reported . Individuals located above the diversion barrier in 2000/200 I occupied
significantly larger home ranges (median 3,675 m, range 2,500-8,900 m) and moved
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more frequently (mean 0.89 movements/contact, range 0.57-1 .0) than other fish . Fish
occupied habitats in the lower Thomas Fork and Bear River during the winter that were
marginal or uninhabitable during other seasons. During the spring of both years we
located fish in both upstream and neighboring tributaries up to 84 km away from our
study site. Our results document the existence of a fluvial component ofBCT in the Bear
River and its tributaries and suggest that successful efforts at conservation of these fish
will focus on mainstem habitats and the maintenance of seasonal migration corridors.
(61 pages)
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INTRODUCTION

Native freshwater fishes throughout North America have suffered severe declines in
recent decades and efforts at conservation and restoration of streams and stream fauna
have begun to receive increased attention (Allan and Flecker 1993). In the western
United States subspecies of interior cutthroat trout now occupy only small fractions of
their historic ranges. Anthropogenic activities have fragmented habitats (Thurow et al.
1988; Rieman and Mcintyre 1993) and imposed selective pressures against migrations,
causing declines in fluvial populations and the extirpation of cutthroat trout subspecies
from most interior mainstem river habitat s (Gresswell 1988; Behnke 1992; Young 1995;
Kershner et al. 1997). Most genetically pure cutthroat trout populations now comprise
resident, non-migratory individuals in high elevation tributary systems. The most
immediate threats to these populations are believed to be continued habitat degradation
(Meehan 1991) and competition (see Fausch 1988 and Griffith 1988 for reviews) and
genetic introgression (Allendorf and Leary 1988) with non-native species. As a result,
recent conservation schemes have relied on the isolation of genetically pure populations
in headwater systems above natural or artificial barriers (Stuber et al. 1988 ; Moyle and
Sato 1991; Young 1995).
Although potentially effective in forestalling immediate species extinctions, this
conservation approach selects against mobile individuals and may render target
populations vulnerable to environmental variability and genetic drift . Comparisons
between rainbow trout above and below waterfalls suggest that genetic selection against
migrants becomes very strong above barriers, as individuals that disperse downstream are
effectively removed from the population (Northcote 1992). Significant meristic,
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genotypic, and behavioral differences between individuals above and below such barriers
have been documented (Northcote et al. 1970; Young 1996). In addition, recent research
into the spatial requirements of cutthroat trout has suggested that tributary isolation
probably cannot ensure species persistence. Hilderbrand and Kershner (2000a) estimated
minimum stream lengths required to support different fish abundances at varying rates of
population loss and found that many headwater cutthroat trout populations probably do
not have access to the space that is required to ensure long term persistence. Similarly,
evaluation of the Greenback cutthroat trout recovery plan in Colorado suggested that
minimum habitat criteria (i .e., 2 ha) established to evaluate the recovery of that
subspecies may be insufficient to ensure the ultimate persistence of isolated recovery
populations (Young and Harig 2001).
These criticisms of classical conservation techniques are further supported by
research suggesting that stream salmonids may be more mobile than previously believed.
Cunjak ( 1996) argued that effective conservation of fish habitat relies on an ability to
match spatial requirements with a scale appropriate to the range of the target species. For
example, accommodation of potential large-scale movements in conservation populations
necessarily requires larger areas and a greater degree of connectivity among occupied
habitat patches (Dunning et al. 1992). However, past investigations into movement
patterns and home range requirements of stream salmonids have yielded mixed results.
Some researchers have cited the large proportions of recaptured individuals found at or
near their initial capture locations as support for the argument that salmonid populations
are largely sedentary (Gerking 1959; Heggenes et al. 1991). Others have contended that
this apparent restricted movement is an artifact of mark-recapture study designs. These
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investigators argue that a significant component of study populations is often mobile and
comprises the individuals that are never recaptured and are either ignored or explained
away as mortalities (Gowan et al. 1994; Young 1994). More recent studies ofsalmonid
movements have benefited from advances in telemetry technology and mixed evidence
now suggests that most populations are probably composed of both mobile and sedentary
fractions (Hilderbrand and Kershner 2000b; Rodriguez 2002 and references therein), and
that individuals may switch between the two behaviors (Harcup et a!. 1984; Smithson and
Johnston 1999).
Observed differences in movement behaviors can be compounded by the presence of
competing life history strategies in stream resident salmonid populations. The
incorporation of a spawning migration from a mainstem river into its tributaries defines
the first of these-the fluvial life history strategy (Behnke 1992), which contrasts with
the resident, non-migratory strategy exhibited by individuals in isolated headwater
systems. Research has shown that salmonid populations with access to connected
mainstem systems can comprise both fluvial and resident life history forms (Rieman and
Mcintyre 1995; Henderson 1999), and large-scale movements of fluvial individuals in
association with seasonal habitat shifts and spawning migrations have been well
documented in many systems (Bjornn and Mallet 1964; Clapp et al. 1990; West 1992;
Young 1994; Brown and Mackay 1995 ; Jakober et al. 1998; Schmetterling 2001).
Within the few interior cutthroat trout populations that still inhabit connected large
river systems with suitable habitats, remnant individuals with fluvial life history
characteristics may remain (Liknes and Graham 1988; Schmetterling 2001). However, in
most systems connectivity between populations has been lost and the migratory life
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history strategy is no longer expressed (Young 1995). Instead, populations of Greenback,
Rio Grande, Colorado River, Lahontan, and Bonneville subspecies are now relegated to
headwater habitats and only a few large rivers (Young 1995). Such isolated populations
may face shorter times to extinction due to insufficient habitat (Dunning et al. 1992;
Hilderbrand and Kershner 2000a) and demographic and environmental variability (Gilpin
and Soule 1986; Rieman and Allendorf 200 I }-risks that can be mitigated by minimal
amounts of immigration (Stacey and Taper 1992). Metapopulation theory requires
linkages between small, isolated populations through active dispersal to maintain large
sink populations and to be evolutionarily stable (Pulliam 1988). Migratory individuals
expressing fluvial life history strategies are probably responsible for the limited genetic
mixing that occurs among isolated populations and for the recolonization of suitable
habitats following local extirpations (Rieman and Mcintyre 1993). These individuals are
also the most directly affected by ongoing habitat fragmentation and the construction of
migration barriers (Thurow et al. 1988; Rieman and Mcintyre 1995).

Bonneville Cutthroat Trout

Once believed to be extinct, Bonneville cutthroat trout (BCT) currently occupy only
5% of historic !otic habitats and the subspecies is considered ' sensitive ' or ' of special
concern' in Wyoming, Idaho, and Utah (Kershner 1995). As with other cutthroat trout
subspecies, habitat fragmentation, genetic introgression, and competition with introduced
species have been implicated in the extirpation ofBCT populations from historic large
river habitats. Extant genetically pure populations are currently relegated to high
elevation, headwater streams (Duff 1988). Resident populations have become the
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predominant form in these systems, and are limited in their abilities to move within and
among drainages (Kershner 1995). The Bear River, as it flows from its headwaters in the
Uinta Mountains, through Wyoming and Idaho en route to Utah and the Great Salt Lake,
may represent the last large river habitat available to this subspecies.
Genetically pure populations ofBCT exist in two tributaries to the Bear River: the
Thomas Fork in Idaho-Wyoming, and the neighboring Smith's Fork in Wyoming.
Populations within these tributaries have proven especially resilient, demonstrating a
unique ability to persist in marginal habitats (Trotter 1987) in the presence of introduced
competitors (Behnke 1992) and to avoid introgression with non-native salmonids (Martin
and Shiozawa 1982; Behnke 1992; Shiozawa and Evans 1995). The Thomas and Smith's
Forks are separated by 35 km of marginal habitat in the mainstem Bear River. A history
of livestock grazing and agriculture has resulted in widespread erosion and bank
instability as natural riparian communities have been replaced by those associated with
disturbance. Summer water temperatures exceeding 21 °C and streamflow depletion
during seasonal irrigation withdrawals create significant habitat limitations. In addition,
non-native rainbow and brown trout have been stocked throughout the system. However,
the seasonal presence ofBCT in the mainstem Bear River suggests that it may serve as a
corridor linking tributary populations and providing access to required habitats.
Although large-scale fluvial movements in many salmonid species have been well
documented (Clapp et al. 1990; Meyers et al. 1992; West 1992; Young 1994; Swanberg
1997), studies of fluvial cutthroat trout have been rare (but see Bjomn and Mallet 1964;
Henderson et al. 2000; Schmetterling 2001) and we know of only one study of fluvial
Bonneville cutthroat trout in a medium-sized river (Bernard and Israel sen 1982). As a
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result, existing knowledge about the movement patterns and home range sizes of fluvial
cutthroat trout, and Bonneville cutthroat trout in particular, is extremely limited.
Furthermore, the limited movement information that is available is largely confined to
temperate seasons during which field studies are logistically feasible. The few studies
that have addressed winter movements of cutthroat trout have almost universally found
individuals to be sedentary during this season (Brown and Mackay 1995; Jakober et aL
1998; Brown 1999; Hilderbrand and Kershner 2000b; Schmetterling 2001 ). This pattern
has also been documented for other salmonid species (Chisholm and Hubert 1987;
Swanberg 1997; Jakober et al. 1998) and has been explained by metabolic decreases
associated with lower water temperatures and the resulting need to conserve energy
(Cunjak and Power 1986). However, it has been shown that Bonneville cutthroat trout in
some systems exhibit a unique ability to maintain growth throughout the winter (Behnke
1992; Ruzycki et al. 2001 ), a behavior that could have significant impacts on seasonal
movement patterns.

Background and Research Justification

Our study site was located on the Thomas Fork River in southeastern Idaho.
Connectivity between the Thomas Fork and the Bear River is disrupted seasonally by
irrigation diversion structures. BCT are known to inhabit upstream reaches in the
Thomas Fork and its tributaries, and a few large (>400 mm) fish are found in the lower
Thomas Fork and main stem Bear River and appear to move within and between the two
rivers seasonally. This research was initiated with the goal of gaining a better
understanding of seasonal ranges and movement patterns of fluvial BCT within the Bear
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River system. Although conservation plans, habitat improvements, and land use
mitigations have been implemented in an effort to protect many tributary populations,
little is currently known about the spatial requirements and distribution of the fluvial
population that links the main stem Bear River to tributary habitats.
We used radio telemetry to monitor movements of Bonneville cutthroat trout initially
tagged in the Thomas Fork River from 1999-200 I . Our purpose was to describe these
movements and to determine an appropriate spatial scale upon which to base future
efforts at the conservation of this fluvial population component. The specific objectives
of this study were (i) to determine the mag nitudes of seasonal home ranges for BCT in
the Thomas Fork and Bear River, (ii) to compare home ranges of individuals above and
below a seasonal migration barrier, and (iii) to describe movement patterns as they relate
to stream temperatures and mobile versus sedentary behaviors.
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METHODS

Study Area

In 1995 the United States Fish and Wildlife Service purchased 1,015 acres of property
in the lower Thomas Fork valley ofldaho with the intention of adding the land to the
Bear Lake National Wildlife Refuge. The acreage includes roughly 6.5 km of the
Thomas Fork River, a fourth order stream that drains into the Bear River I km
downstream from the property boundary (Figure I). Although the newly acquired
acreage has not been grazed for 15 years, most of the river valley upstream from the
boundary is privately owned and used extensively for ranching and agriculture. Grazing
cattle have removed riparian vegetation, and much of the stream has become entrenched.
Large sections of stream bank are now unstable and prone to slumping. These conditions,
in combination with other land uses and a geology of highly erodible soils, have created a
large suspended sediment load which limits visibility throughout the year.
The Thomas Fork River as it flows through the refuge property is low-gradient and
highly sinuous. Stream banks are lined with dense willow thickets (Salix spp.), grasses,
and sedges. The predominant substrate material is silt, and macrophytes blanket the
water surface from late summer to early fall. The annual range of water temperature is
large (0-25 °C), with ice frequently covering the stream surface during winter months and
water temperatures exceeding 20 °C during the summer.
There is a small diversion structure on the Thomas Fork River roughly 2 km upstream
from its confluence with the Bear River. Water passes through this structure by way of a
combination of two adjacent culverts and a spillover. The culverts each measure I m in
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Figure I.-Map of the Thomas Fork River and surrounding area. Study site is enlarged at right, with thermograph locations
denoted by numbers and the diversion structure by a star.
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diameter and extend horizontally for 5 m. The spillover is approximately 2 m high, and
water passing over it falls onto a concrete splash pad and runs 3 m at a depth of about I 0
em before spilling into the large pool below. The entire structure is operated on a
seasonal basis. From late spring to early winter the culverts are blocked, creating a slight
reservoir effect as water accumulates upstream of the structure. At these times all water
passing the structure spills over the diversion, creating a barrier to upstream fish
movement. From late winter to early summer the boards can be removed in order to
allow water to pass through the culverts. During this time upstream and downstream fish
passage are possible This diversion is of interest because it likely operates as a
temporary isolation mechanism, maintaining a seasonal separation between fish
populations upstream and those downstream.
Approximately 2 km downstream from this diversion structure the Thomas Fork joins
the Bear River. From this confluence the Bear River continues northwest around Bear
Lake and eventually turns south en route to the Great Salt Lake. Currently there are three
major hydroelectric dams and a host of smaller irrigation projects along this route. The
Bear River, like the Thomas Fork, is a low gradient, highly sinuous stream that flows
through privately owned land .
Native fish species inhabiting the Thomas Fork and surrounding areas include
Bonneville cutthroat trout (Oncorhynchus clarki utah), mountain whitefish (Prosopium

wil/iamsoni), leatherside chub (Gila copei), Utah chub (Gila atraria), mottled sculpin
(Callus bairdi), longnose dace (Rhinichthys cataractae), redside shiner (Richarsonius
ba/teatus), Utah sucker (Catostomus ardens), and mountain sucker (Catostomus
platyrhynchus) (Capurso et al. 200 I). In addition, non-native rainbow trout
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(Oncorhynchus mykiss), brown trout (Sa/mo fruita) and common carp (Cyprinus carpio)
are widespread in the drainage. The Bonneville cutthroat trout was petitioned for listing
as a threatened species by the U.S. Fish and Wildlife Service in 2001 (the petition was
ultimately ruled unwarranted), and is a sensitive species in Wyoming and Idaho and a
species of special concern in Utah (Kershner 1995).

Telemetry

We electro-fished sections of the Thomas Fork River above and below the diversion
structure using a boat-mounted shock unit (VVP unit, Coffelt Manufacturing, Flagstaff,
AZ) during October of 1999 and 2000. All Bonneville cutthroat trout (BCT) were
anesthetized with tricaine methanesulfonate (Finquel), weighed to the nearest gram, and
measured to the nearest millimeter (all lengths reported are total lengths). Between 1999
and 2000 we implanted a total of 55 fish with radio transmitters (Advanced Telemetry
Systems, Isanti, MN) using techniques described by Bidgood (1980) and Schill et al.
(1994) . We used model357 radio transmitters outfitted with an extra battery, which
allowed for an increased life expectancy of250 days. Transmitters had external antennae
and weighed 6.5 grams. We attempted to limit transmitter weight to Jess than 2% offish
body weight as suggested by Winter ( 1996), and succeeded in all but one instance.
Following surgery, fish were held in a recovery tank until they regained equilibrium and
then transferred to live wells in the river. We then released fish into the river either
above or below the diversion structure according to where they were initially captured.
In 1999, we implanted 25 fish with radio transmitters, with 16 below the diversion
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structure and 9 above. In 2000, we implanted 30 fish with radio transmitters (15 above
the diversion and 15 below).
We tracked radio-tagged fish bimonthly in 1999-2000 and weekly in 2000-2001,
beginning one week after surgical implantation of transmitters. Tracking continued until
spring or summer of the following year, when spawning migrations coupled with
transmitter failures made locating fish logistically unfeasible. We tracked fish on foot,
ski, ATV, or motor boat, depending on seasonal conditions. On several occasions
throughout the two years we tracked from an airplane (Mountain Air Research, Driggs,
ID) in order to locate fish that moved greater distances, particularly those with home
ranges in the main stem of the Bear River. We plotted fish locations on an aerial
photograph of the refuge property when applicable and recorded UTM coordinates using
a handheld GPS unit. We later mapped these coordinates in ArcView 3.2 GIS
(Environmental Systems Research Institute, Inc.) using stream coverage shape files for
southeastern Idaho and the central and upper Bear River watersheds. All distances
between locations were calculated in ArcView (ESRI, Inc.) and rounded to the nearest 50
m, except for distances involving locations from an airplane, which were rounded to the
nearest I 00 m.
Due to stream conditions and the inherent limitations of a telemetry study we
developed a set of rules with which to filter our initial data set before statistical analyses.
Turbidity prevented visual contact with fish and we were able to confirm that fish were
alive only through subsequent displacements. As a resu lt, we included in our data set
only those locations for which another location in a different place was later obtained.
For example, if a fish was found in the same location for several weeks leading up to the
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end of the study or to battery failure, then only the first location at that spot was included
in the data set. In order for an individual ' s movements to be included in the range
calculations for a given season, at least one location must have been obtained for that
individual during the last month of that season. Therefore, if a fish was lost prior to one
month before the end of a season then its movements were not considered in our analyses
for that season.

Temperature

We deployed nine thermographs (Tidbits, Onset, inc.) throughout the lower Thomas
Fork and Bear River (Figure 1). We programmed these thermographs to record
temperature in °C at 30 minute intervals. We then compared average daily, minimum
daily, and maximum daily temperatures across the nine sites and between the two study
years.

Home Range Analyses

We computed home ranges by measuring the longitudinal distance from an
individual's most upstream location to its most downstream location (Young 1994). We
grouped fish according to their location relative to the diversion (above vs. below) and
the year in which they were tracked (1999/2000 or2000/2001). We delineated seasons as
follows : Fall = September I -November 30, Winter= December 1 -March 15, Spring=
March 16- May 31 , and Summer = June 1 - August 3 1 (Figure 2). Due to small sample
sizes and non-normal distributions we used non-parametric statistics to analyze our data.
We used a Wilcoxon paired sample test to compare fall and winter home ranges within
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each group and Wilcoxon rank sums to compare home ranges between fish above and
below the diversion for both years of the study. We used Spearman rank correlation to
determine if there was a significant relationship between size at capture and magnitude of
seasonal home range occupied.

Weekly Movements

Using rank correlation and the weekly locations for the 15 fish tagged above the
diversion structure during the second year of the study we investigated the relationship
between stream temperature and fish movement. We used median weekly displacement
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Figure 2.-Seasonal delineations plotted over mean daily water temperatures at the
middle thermograph site.
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as a surrogate for movement, and defined displacement as the distance upstream
(positive) and downstream (negative) from the release point on each tracking occasion.
For those fish that we did not locate on the refuge we assigned a displacement value of
3,250 m, which is the distance between the release point and the upstream refuge
boundary. We tracked fish in this stretch of river on all occasions, usually by walking on
the frozen surface. Given the range of our signal reception (-I 00 m) and our ability to
track multiple fish simultaneously, we feel confident that we did not fail to locate fish in
this area using this method. We calculated mean daily, mean daily minimum, and mean
daily maximum temperatures for the days preceding tracking dates, beginning with a
seven day window and ending with the temperature metrics for the tracking day, alone.
We then used Spearman rank correlation to investigate the relationships between these
temperature metrics and the median weekly displacements.

Sedentary Versus Mobile Components

We evaluated the sedentary versus mobile components of our study population using
two different methods. First, we assigned a threshold home range size of I km as a
baseline delineation between sedentary and mobile individuals. Rodriguez (2002) found
the most common value used in previous movement studies to be 50 m. However, we
conservatively chose to use I km because it seemed more appropriate given the scale of
fish movements within our study system. We also evaluated sedentary and mobile
behaviors using the frequency of movements (movements per contact: Simpkins et al.
2000). We defined movement as a displacement of over 50 m between consecutive
contacts of individual fish, and non-movement as any displacement less than 50 m. We
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assigned a value of one for dates on which a movement was observed (i.e., displacement

>50 m from the previous location) and a value of zero for dates on which no movement
was observed. We then obtained a metric for the frequency of movement for each
individual in units of movements per observation. We compared these proportions
between fish above and below the diversion in the two study years using Wilcoxon rank
sums. All analyses were performed using SAS version 8.1 (SAS Institute) and
relationships were considered significant at p <0.05.
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RESULTS
We tracked 47 of 55 implanted fish from October to March (Figure 3) and 34 of 55
implanted fish into April in the two years of this study. We obtained a total of243
locations for fish tracked between October 8, 1999 and June 29, 2000, and 461 locations
for fish tracked between October 5, 2000 and May 30, 200 I (Table A-1 ). During both
years, fish began to disappear in April and , as a result, our sample sizes for the remainder
of each spring were very small (Figure 4). After April we located a total of 5 fish that
had migrated very long distances from our study site and assume that these movements
were spawning related . We did not locate enough spawning fish to render statistical tests
applicable. Our analyses are therefore confined to fall and winter home ranges for each
of the two years, and weekly movements of those fish above the diversion structure in
2000/0 I . Differences in movements prevented any pooling of data across sites or years.

1999-2000 Monthly Telemetry

We tracked 20 of the original25 implanted fish from October through March during
the first year of the study. The nine fish implanted above the diversion structure in 1999
averaged 393 mm (range 300-480 mm, SD 59) and 586 g (range 237-943 g, SD 237).
We did not include two of these fish in our home range analyses for fall and winter, one
that disappeared within the first two weeks of the study and another that could not be
confirmed alive after December 12 . The median home range for the remaining seven fish
was 1,600 m (range 150-21,500 m), and was based on an average of II (range 10 -II)
locations between October 8, 1999 and March 15, 2000. All of these fish were relocated
within the 6 km of river directly upstream from the diversion structure on at least 90% of
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tracking occasions. One upstream fish moved downstream in February 2000, crossing
the diversion and proceeding into the Bear River. The total range of this fish between
October 8 and March 15 was roughly 21.5 km . This was the only fish that we
documented crossing the diversion barrier in either direction during the two years of this
study.
The 16 fish implanted below the diversion structure in 1999 averaged 389 mm (range
302-530 mm, SD 78) and 632 g (range 243-1,570 g, SD 455). We were able to
consistently track fourteen of the original sixteen throughout the fall and winter of
1999/2000. One fish purged its transmitter at the release site and one was located only
once (on November 12, 20 km downstream in the Bear River). These fish were not
included in any of our statistical analyses. The median home range for the other fourteen
fish from October 8 through March 15 was 800 m (range 250-11 ,200), and was based on
an average of8 (range 2- 11) locations for each fish . Three fish established home ranges
in the Bear River and were located on multiple occasions up to 20 km downstream from
the mouth of the Thomas Fork, while three other fish spent time in both the Thomas Fork
and the Bear River. The remaining nine fish established home ranges in the 2 km of the
Thomas Fork between the diversion structure and the Bear River. One fish disappeared
in February.

2000-2001 Telemetry

The 15 fish that we implanted above the diversion structure in October of 2000
averaged 425 mm (range 369-513 mm, SD 45) and 947 g (range 600-1 ,550 g, SD 283).
One fish disappeared on November 14 and was not included in the combined fall and
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Figure 3. -Total distances moved from October I to March 15 for fish at both sites and
during both years of our study. Lines connect points at which fish were located, and
missing values are ignored.

winter home range analyses, while another fish was last located on March I and was
included. The remaining thirteen fish in this group were regularly located in the Thomas
Fork through the end of March. The median home range for the fourteen fish that we
included was 3,675 m (range 2,500-8,900 m), and was based on an average of 15 (range 8
- 19) locations between October I, 2000 and March 15,2001.
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Figure 4.-Total distances moved from October I to July I for fish at both sites and
during both years of our study. Lines connect points at which fish were located, and
missing values are ignored.

The 15 fish that we implanted below the diversion in 2000 averaged 397 mm (range
352-495 mm, SD 41) and 635 g (range 350-1,100 g, SD 212). Two ofthese fish
disappeared within the first month following surgeries, probably due to faulty
transmitters, and were not included in any of our analyses. The median home range for
the remaining thirteen fish was 600 m (range 50-I 0,400 m). We located these fish an
average of 12 (range 2- 19) times. Seven fish of the original fifteen were located within
the Thomas Fork at least 90% of the time through the end of March, and one other was
located regularly in the Thomas Fork until its disappearance at the beginning of March.
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The other five fish established home ranges in the Bear River and were repeatedly located
between 7 and 20 km downstream from our study site. One of these fish was killed by an
angler on April 3, 2001 at a downstream site in the Bear River. Prior to its death, this fish
was located three times at this same location, roughly 20 river km downstream from the
Thomas Fork confluence.

2000-2001 Weekly Movements

Median weekly movements offish implanted above the diversion structure during the
second year of the study (October 26, 2000- March 15, 2001) were larger than expected
(mean 775 m, range 200-1 ,400 m) and fluctuated between and among weeks in no
discernable pattern (Figure 5). We plotted median weekly displacements against the
mean daily water temperature at our middle thermograph site (Figure 6). There was a
spike in the distribution of weekly movements that occurred in December and appeared
to coincide with the onset of winter and the associated decrease in water temperature.
However, despite what appears to be an inverse relationship between displacement and
temperature, we found no statistically significant correlation between temperature and
displacement (rank correlation) (Table A-2).

Sedentary Versus Mobile Components

We found a large percentage of our study fish to be mobile. Eleven of21 fish (52%)
moved at least I km between October and March of 1999/2000, and 16 of27

(5~/o)

moved that distance over the same period during 2000/200 I . During the winter months
alone (December to March), 17% and 54% offish ranged at least I km in 1999/2000 and

22
2000/2001 , respectively . Similarly, we found a high frequency of movements
(movements/contact) for fish at both sites during both years (Table 1). Comparisons of
these values across sites and years showed that individuals above the diversion during the
second year of the study moved more frequently than other individuals (Tables A-3, A-4,
A-5, A-6).

Table I . -Descriptive statistics for frequency of movements of radio-tagged BCT.
Decimal values are the ratio of movements greater than 50 m to contacts.
Site
Below

Above

Year
1999/2000
2000/2001
1999/2000
2000/2001

N
14
12
8
15

Mean
0.61
0.45
0.69
0.89

SD
0.25
0.33
0.22
0.11

Median
0.59
0.41
0.73
0.90

Range
0.25 to 1.0
0.0 to 1.0
0.31 to .92
0.57 to 1.0

Seasonal Range Comparisons

We conducted pairwise comparisons of magnitudes of fall and winter home ranges
within groups using a Wilcoxon paired sample test. Each group comprised fish captured
at one of the two sites in one of the two years. There were no significant differences
between fall and winter home ranges in any group. We therefore combined fall and
winter home ranges in subsequent analyses in order to increase numbers oflocations for
each fish . We compared combined fall and winter home ranges between sites (upstream
from the diversion vs. downstream) and between years (I 999/2000 vs. 2000/200 I) using
Wilcoxon rank sums (Figure 7). There were no significant home range differences
between the first and second years of the study in those fish below the diversion .
Likewise, there were no home range differences between fish above and below the
diversion during the first year of the study . In contrast, the home ranges of fish above the
diversion during the second year of the study were significantly larger than both the home
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Figure 5. -Median weekly movements of the 15 fish implanted above the diversion
structure during 2000/0 I.

ranges of fish below the diversion during that same year (p=.002), and the home ranges
offish above the diversion during the first year of the study (p=.009) (see Tables A-7, A8, A-9, A-1 0 for results of Wilcoxon tests) .

Spring Telemetry and Spawning Migrations

During the spring of 2000, four implanted fish disappeared after March 4, and five
additional fish disappeared within two weeks of being located on April 17. We tracked
eight fish until transmitter failures in June. However, four of these fish disappeared for
several weeks in April and May and three others were not confirmed alive after May 9.
One large female was killed by an angler in Salt Creek on May 20, roughly 58 km
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Figure 6. -Median weekly displacements of the 15 fish implanted above the diversion
structure during 2000/0 I, plotted against daily average temperatures at thermograph
location 3.

upstream from the study site. This fish was reportedly ripe with well developed eggs.
We located another fish on the refuge in different locations from March through June.
Given the absence of suitable spawning substrate at these sites, we assume that this fish
did not spawn.
During the second year of the study we tracked four fish that moved downstream out
of the Thomas Fork beginning in April. These fish then moved 30 km upstream in the
Bear River to its confluence with the Smith ' s Fork River. One fish remained at the
confluence and was not confirmed alive after this point, while the other three moved up
the Smith's Fork 6, 12, and 54 km, respectively . Due to the high flows and turbidity
associated with spring run-off these fish could not be visually observed in the act of
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Figure 7. -Combined fall and winter home ranges for BCT in the Thomas Fork and Bear
River. Above and Below refer to initial capture locations relative to the diversion
structure. Boxes and whiskers represent the lOth, 25 1h, 75th, and 90th percentiles. Solid
lines within the boxes denote medians, dotted lines denote means, and points denote
outliers. The asterisk indicates a statistically significant difference.

spawning. However, given what we know about the life histories of fluvial fish , we
believe that it is reasonable to assume that these large-scale movements through the Bear
River and into neighboring drainages were spawning related . Of the remaining fish that
were tracked throughout the winter and into the spring, 15 disappeared between Aprill2
and May 25 . One of these fifteen was located again in the Bear River on June 10, 2001 ,
and another was killed by an angler in the Bear River on November II , 2001. Both of
these fish were 12 km upstream from the Bear Riverfrhomas Fork confluence.
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Temperature

Thermograph data show that there were significant differences in winter water
temperatures between upstream sites in the Thomas Fork and downstream sites in the
Thomas Fork and Bear River during both years of the study (Figure 8) We compared
mean daily temperatures, minimum daily temperatures, and maximum daily temperatures
across sites for each of the two years. All three metrics showed a similar trend towards
warmer temperatures at upstream locations. These data are supported by weekly field
observations of surface ice formation (personal observation). The main stem of the Bear
River and the short section of the Thomas Fork below the diversion structure remained
covered by surface ice throughout both study winters (January- March). In contrast,
sections of the Thomas Fork immediately above the diversion often underwent freezethaw cycles as temperatures warmed and cooled throughout the season, and sections at
the top of the study reach rarely froze in either of the two winters.
In addition to these temperature differences at upstream and downstream sites, there
were also differences in average water temperatures between years. The most striking
differences occurred in the magnitude and frequency of temperature fluctuations at
thermograph sites above the diversion barrier. During the winter of 1999/2000,
temperatures at the middle site fluctuated throughout December, January, and February,
ranging up to 3 °C. In contrast, temperatures at that site during the winter of2000/2001
rarely fluctuated more than I °C from the beginning of December to the beginning of
February. There were also differences in overall averages for daily minimum, daily
maximum, and mean daily temperatures recorded at the middle and lower thermograph
sites between years (Table 2). These differences were greater at the thermograph site
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Figure 8. -Mean daily stream temperatures at three thermograph sites in the Thomas
Fork River from 12/01/99 to 03/15/00 and from 12/01/00 to 03/15/01. Numbers in
parentheses correspond to thermograph locations in Figure I .
Note: Upper (I) was lost after the first year of the study. As a result, Upper (2) for the
plot of Winter 2000/2001 was at a location I km downstream from Upper (I) in the plot
ofWinter 1999/2000.
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above the diversion structure than at the site below. In both years stream temperatures
began to warm in the middle of February.

Table 2.-Mean daily, mean daily minimum, and mean daily maximum temperatures for
two thermograph sites between December I and February I for both years of the study.
Numbers in parentheses refer to thermograph locations in Figure I . Temperatures were
recorded every 30 minutes.
Middle Thermograph (3)
Lower Thermograph (7)
1999/2000

2000/2001

1999/2000

2000/2001

Mean Daily

1.95

1.13

1.30

0.33

Mean Dail y
Minimum
Mean Daily
Maximum

1.36

0.97

0.99

0.25

2.57

1.38

1.67

045
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DISCUSSION

We found the overall movement patterns of fluvial BCT to be similar to those
observed for fluvial brown trout, with fish occupying large home ranges, exhibiting both
sedentary and mobile behaviors, and occasionally undertaking large-scale movements on
the order of tens of kilometers (Clapp et al. 1990; Meyers et al. 1992; Young 1994). Our
study population, however, appeared to be more mobile than has been previously
documented. Several researchers have found that salmonid populations comprise a large
sedentary component and a smaller mobile one. Rodriguez (2002) looked at studies of27
salmonid populations, including brook, brown, cutthroat, and rainbow trout, and found
that the median proportion of mobile individuals was 19%. Similarly, Hilderbrand and
Kershner (2000b) found that 61% of individuals in a headwater population ofBCT were
recaptured less than 300 m away from their initial release point after one year. In
contrast, mobile fish in our study (i.e., home range > I km) accounted for 52% and 59%
of our populations between October and April of the two years and fish were found to be
at least 50 m away from their previous locations more than half of the time in three of our
four groups.
Bonneville cutthroat trout also exhibited greater mobility during winter than was
expected. Although large-scale seasonal migrations have been documented in a few
cutthroat trout populations that still inhabit large river systems (Bjomn and Mallet 1964;
Schmetterling 200 I), previous studies have found that winter home ranges are limited.
For example, Schmetterling (2001) found that fluvial westslope cutthroat trout in
Montana were sedentary during winter, and Hilderbrand and Kershner (2000b) found that
BCT in a small headwater population moved little between December and April. In

30
separate studies of westslope cutthroat trout in Montana and Alberta, investigators found
these fish to be sedentary during winter, except during anchor ice formation when they
were forced to move to more suitable habitats (Brown and Mackay 1995; Jakober et al.
1998; Brown 1999). In contrast, we observed winter movements to be considerably
larger and more frequent than in previous studies of both fluvial and resident cutthroat
trout. Median winter home ranges ofBCT in our study ranged from 300 to 3,700 m
across sites and years, mobile individuals accounted for 17% and 54% of our study
populations in each of the two years, and several individuals exhibited substantial
movements during winter months (up to I 0 km) .
There are several possible explanations for the extensive winter home ranges and
large mobile population component that we observed. Although stream salmonids have
been shown to continue feeding throughout the winter (Chapman and Bjornn 1969;
Cunjak et al. 1987; Hebdon and Hubert 2001), condit ion factor often declines (Hebdon
and Hubert 200 I) and individuals may experience metabolic deficits when caloric intake
is not sufficient to balance baseline metabolic functions (Cunjak et al. 1987). During
these periods, energy reserves must be allocated to basic maintenance functions and
individuals are likely to avoid unnecessary exertions associated with movement. BCT
have been shown to maintain growth during the winter in some systems (Trotter 1987),
suggesting that these individuals are both feeding and assimilating resources . BCT, like
brown trout (Clapp et al. 1990; Young 1994), probably shift to piscivory as they attain
large sizes (Nielson and Lentsch 1988; Behnke 1992; Ruzycki et al. 2001), an idea that is
supported by our finding of juvenile carp in the stomachs ofBCT that were captured in
the Thomas Fork in early fall (personal observation). Prey fish species are patchily
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distributed in streams, and can arguably be depleted more easily than drift prey items, so
piscivory may occur at larger scales than does drift feeding on invertebrates (Clapp et al.
1990; Young 1994 and references therein). A combination of continued growth
throughout the winter and a need to maintain this growth through foraging could be the
mechanism underlying the large home ranges and frequent movements that we
documented.
Alternatively (or additionally), these extensive movements might be a function of
habitat homogeneity at our study site. Adult trout tend to seek out deep water with low
flow velocities during winter (Cunjak and Power 1986; Chisholm and Hubert 1987;
Brown and Mackay 1995 ; Jakober et al. 1998; Brown 1999; Muhlfeld et al. 2001) and to
avoid shallow, faster moving water (Brown and Mackay 1995) typically associated with
riffies . In Arkansas streams during the summer Lonzarich et al. (2000) found that warm
water stream fishes were less likely to emigrate from pools that were bounded by long
riffies (>50 m) than from those bounded by short riffies (< 10m). Riffie avoidance as an
isolating mechanism could be enhanced during winter, when shallow turbulent water is
prone to frazil and anchor ice formation and riffies become more difficult to navigate.
The Thomas Fork and the Bear River are low gradient systems within our study area and
neither river has many riffie sequences, a condition that is enhanced at upstream sites in
the Thomas Fork by the diversion reservoir effect. Instead, these streams comprise runs
and pools exclusively, and fish can move long distances without encountering shallow
habitats.
We believe that flu vial BCT in this system occupy the lower Thomas Fork and
sections of the Bear River during winter months, migrate upstream into tributary systems
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in the Thomas Fork and neighboring drainages (i.e., Smith' s Fork) to spawn and
oversummer, and return to the mainstems in the fall. Although transmitter limitations did
not allow direct observation of return migrations from tributary spawning habitats to
main stem reaches in the fall, this pattern of seasonal migrations downstream from
spawning tributaries to mainstem habitats more suitable for overwintering has been
frequently documented in salmonid populations (Bjornn and Mallet 1964; Cunjak and
Power 1986; Chisholm and Hubert 1987; Meyers et al. 1992; Jakober et al. 1998;
Schmetterling 2001). We were unable to find any BCT in the lower Thomas Fork during
the summer of2000, and located only a few fish in the lower Thomas Fork and Bear
River during the second week of September 2000. When we returned two weeks later,
we found large numbers ofBCT (our unpublished data). A similar absence offish during
one sampling period followed by an abundance offish several weeks later was observed
by Young et al. (1997), and several investigators have suggested that stream sections that
are suboptimal or even uninhabitable during one season may be preferred during another.
For example, fluvial brown trout in the Au Sable River in Michigan moved several
kilometers to overwintering habitat that researchers classified as suboptimal (Clapp et al.
1990), and large brown trout in Wisconsin overwintered in stream areas that did not hold
trout during the summer (Meyers et al. 1992). Similarly, we believe that warm water
temperatures (i .e., >20 °C), low levels of dissolved oxygen (i .e., 6.0- 6.8 mg/1 during the
day), and seasonal dewatering that results in little or no flow and few deep pools probably
render the lower Thomas Fork uninhabitable from June through August. Our results
suggest that fluvial BCT in the Thomas Fork and Bear River use different sections of
stream during different seasons, and that distribution and abundance data collected during
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typical field seasons (June-September) may misrepresent the actual distributions and
abundances throughout most of the year.
These seasonal movements between different habitats and stream reaches could
increase the potential impacts of barriers in this system. In fact, we found a significant
difference in fall and winter home range sizes between fish located above and below an
intermittent movement barrier. We expected that fish above the barrier would occupy
smaller home ranges and move lesser distances than fish below, but we found the
opposite to be true. Young (1996) observed that Colorado River cutthroat trout above
barriers occupied smaller home ranges than those below, and investigators have
speculated that sedentary behavior observed in some tributary populations results from
the select ive pressures imposed by downstream migration barriers (Northcote et al. 1970;
Young 1994; Muhlfeld et al. 2001). In contrast, we found that BCT above a seasonal
diversion barrier during the second year of our study had significantly larger home ranges
than those below. We believe that stream temperatures at our study site affected winter
home range sizes and movements. Thermograph data show that water temperatures are
higher on average at upstream locations along our study site. Temperatures in the
Thomas Fork below the diversion and in the Bear River are comparable throughout much
of the winter. However, water temperatures in the Thomas Fork above the diversion can
be warmer than water temperatures below the diversion by almost 4 °C during brief
warming periods. Smith and Griffith ( 1994) showed that a winter thermal gradient
ranging from 4.4 to 0.8 °C significantly affected survival of juvenile rainbow trout, and it
is not unrealistic to assume that such a gradient might affect behaviors as well. In the
South Branch of the Au Sable River in Michigan, Clapp et al. (1990) found an inverse
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temperature gradient similar to that which we observed in the Thomas Fork. In that
system, large brown trout migrated upstream to overwinter rather than downstream to
larger main stem habitats as expected. We believe that a difference of 4 °C between sites
potentially affects metabolic processes and winter energetics, and could allow for greater
activity and potentially greater metabolic efficiency at the warmer temperatures. The
trend towards BCT displacements upstream during the coldest periods suggests that fish
may be seeking out these warmer temperatures and that the diversion barrier might be
preventing downstream fish from accessing the preferred temperatures above .
In addition to the impacts that barriers may have on winter movements and habitat
use, these structures have the potential to prevent migrations to suitable spawning
habitats. Fluvial fish, by definition, travel large distances from mainstems to tributary
systems in order to spawn (Behnke 1992). In the Thomas Fork, this movement requires
passage through the diversion structure at the lower end of our study site. During the first
year of our study the diversion structure culverts were opened to passage in November,
soon after the irrigation season had ended. The culverts were not blocked again until the
middle of May, 2000. During the second study year, however, the boards that block the
culverts became frozen in place by December and were never removed . In May of2001
we documented repeated unsuccessful attempts at upstream passage by staging BCT
(personal observation), and we believe that such passage was impossible during the
winter and spring of that year. Further support for this came in the form of anecdotal
information gathered during a concurrent telemetry study in upstream tributaries to the
Thomas Fork (A. J Schrank, University of Wyoming, personal communication). In that
study, large, fluvial BCT in upstream spawning tributaries had been captured and
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implanted with radio transmitters in each of the previous two springs. During 2001 ,
while the diversion structure on the lower Thomas Fork remained closed and fish were
unable to pass, researchers in the Thomas Fork tributaries far upstream found only a
handful of fluvial fish large enough to implant (A. J. Schrank, University of Wyoming,
personal communication). This evidence suggests that one barrier structure can have
population level effects throughout an entire drainage.
We succeeded in tracking five fish through extensive spawning migrations in our two
year study. These fish traveled 40, 42, 55, 60, and 92 km, respectively. The fish that
traveled 60 km occupied a home range above the diversion structure from October to
April 1999/2000 before traveling upstream in the Thomas Fork in May of2000 to one of
two major tributaries in the system. The other four fish occupied home ranges below the
diversion structure until spring of2001 , at which time they traveled downstream out of
Thomas Fork and into the Bear River. They then headed upstream 35 km in the Bear
River to the Smith ' s Fork confluence. One fish remained in that general area until
tracking efforts ceased in June, while the other three continued upstream into tributaries
of the Smith ' s Fork. These observations are significant in that they provide the first
documentation of a fluvial connection between tributary resident BCT populations in the
upper Thomas and Smith ' s Forks and mainstem fluvial populations in the Bear River.
To the best of our knowledge, this study represents the first investigation into the
seasonal ranges and winter movements of fluvial Bonneville cutthroat trout in a large,
mainstem river system. We documented the presence of fluvial BCT in the Bear River
and its lower tributaries and showed that these fish occupied large home ranges,
frequently moved distances greater than I km, and migrated on the order of tens of
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kilometers upstream into tributaries during the spring. In addition, they were surprisingly

mobile during the winter and occupied habitats that were suboptimal or uninhabitable
during other seasons. The extensive home ranges, large-scale seasonal migrations, and
significant mobile component within our study population suggest that effective
conservation of fluvial Bonneville cutthroat trout will require management at large spatial
scales. The significant differences in magnitudes of home ranges between fish above and
below the diversion structure during the second year of the study suggest that seasonal
movement barriers can significantly affect behaviors within the populations that they
divide.
In demonstrating a fluvial connection between tributary populations in the
Thomas and Smith's Forks and mainstem habitats in the Bear River, we have challenged
conservation approaches that have historically focused on headwater systems managed by
federal agencies. Habitat improvements, land use mitigation, and special harvest
regulations in Bear River tributaries have been implemented to protect spawning areas
and resident BCT populations. However, our results suggest that maintenance of
migration corridors and stream connectivity, and conservation of habitats and populations
within the privately owned mainstem reaches of the lower Thomas Fork, lower Smith's
Fork, and Bear River will be required in order to ensure the long term persistence of
fluvial BCT in this system. The Bear River and its tributaries represent one of the last
remaining strongholds of fluvial BCT in a large river system. This study adds
significantly to the limited existing knowledge about these rare fish and should prove
useful in ongoing and future efforts to protect them.
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Table A-I.-Physical characteristics and location information for all BCT tagged and
tracked between J0/99 and 6/01. Last location is the distance in meters from the post
surgery release site. Negative numbers refer to displacements downstream and positive
numbers to displacements upstream. Number ofpts. (# pts.) refers to the number of times
that that individual was located. Last location (river) refers to the stream in which the
fish was last located. Bear R. (up) is the Bear R. upstream from its confluence with the
Thomas Fork, and Bear R. (dn) is downstream from the confluence.
Trans. Tagging TL
type location (mm)

last
location
Tag:body
date of last (m from
weight
pts.
contact
release)
ratio

Freq .

Implant
Date

40.601

4-0ct-99

40.611

4-0ct-99

2 batt.

below

408

644

1.0

40.621

4-0ct-99

2 batt. below

510

1400

0.4

40.631

4-0ct-99

2 batt. below

530

1570

0.4

12

40.640

4-0ct-99

2 batt. below

437

665

0.9

12

40.650

4-0ct-99

2 batt . below

498

1220

0.5

2 batt. below

475

Weight
(g)

1220

last location
{river)

fate

1-Mar-00

-1719

Thomas ForK

16

29-Jun-00

-954

Thomas ForK

13

29-Jun-00

175

Thomas Fori< recap. 9129100

29-Mar-00

-295

Thomas Fork

0.5

17-Apr-00

166

Thomas Fori<

15-Jun-00

-322

Thomas Fork
tag purged

40.690

4-0ct-99

2 batt. below

365

465

1.3

40.700

4-0ct-99

1 batt . below

380

405

0.8

17-Apr-00

-1390

Thomas Fork

40.710

4-0ct-99

1 batt. below

312

286

1.2

16-Jun-00

-13036

Bear R. (dn)

40.760

4-0ct-99

1 batt. below

314

255

1.3

4-Mar-00

-7211

Bear R. (up)

40.791

4-0ct-99

1 batt. below

390

520

0.6

13

17-Apr-00

-707

Thomas Fori<

40.800

4-0ct-99

1 batt . below

350

382

0.9

14

16-Jun-00

-3657

Bear R. (dn)

40.821

4-0ct-99

1 batt. below

302

243

1.4

12-Nov-99

-20240

Bear R. (dn)

40 .810

4-0ct-99

1 batt.

below

312

255

1.3

31-Jan-00

76

Thomas Fork

40.831

4-0ct-99

1 batt . below

324

283

1.2

4-Mar-00

-7923

Bear R. (dn}

40.840

4-0ct-99

1 batt.

322

295

1.1

4-Mar-00

-11489

Bear R. (dn)

40.660

S-Oct-99

2 batt. above

460

937

0.7

17

29-Jun-00

-658

Thomas Fork

40 .670

5-0ct-99

2 batt . above

411

547

1.1

16

29-Jun-00

-649

Thomas Fork

40 .681

5-0ct-99

2 batt . above

465

943

0.7

14

29-May-00

58554

San Creek

40.721

5-0ct-99

1 batt . above

343

393

0.9

12

17-Apr-00

-610

Thomas Fori<

40.730

5-0ct-99

1 batt . above

360

467

0.7

13

17-Apr-00

194

Thomas Fork

40 .741

5-0ct-99

1 batt.

above

373

477

0.7

0

40.750

S-Oct-99

1 batt. above

373

579

0.6

14-Jan-00

632

Thomas Fork

40.760

5-0ct-99

1 batt.

above

300

237

1.4

12

16-Jun-00

-7700

Bear R. (up)

40.771

5-0ct-99

1 batt.

above

430

694

0.5

13

9-May-00

4200

Thomas Fori<

41 .000 29-Sep-00 2 batt. below

495

1100

0.7

20

19-Mar-01

668

Thomas Fork

41.020 29-Sep-00 2 batt.

below

380

550

1.3

17-0ct-00

41.042 29-Sep-00 2 batt.

below

422

675

1.1

3-Nov-00

-576

Thomas Fork

41 .001 29-Sep-00 2 batt.

below

364

475

1.6

24

12-May-01

-31000

Bear R. (up)

41.082 19-0ct-00 2 batt.

below

352

400

1.9

21

30-May-01

-43500

Smith's Fork

41.101

19-0ct-00 2batt.

below

470

1050

0.7

23-Mar-01

-20900

Bear R. (dn)

41.122 19-0ct-00 2 batt.

below

380

650

1.1

10-Jun-01

-13950

Bear R. (up) angler6110101

41 .141

19-0ct-00 2 batt. below

389

575

1.3

21

19-Apr-01

465

Thomas Fori<

41 .161

19-0ct-00 2 batt. below

405

700

1.1

22

30-May-01

-85100

Smith's Fork

41.181

19-0ct-00 2 batt.

below

402

700

1.1

30-May-01

-9500

Bear R. (up)

41 .201

19-0ct-00 2batt. below

411

700

1.1

25-Apr-01

220

Thomas Fori<

41.221

19-0ct-00 2 batt.

355

500

1.5

1-Feb-01

733

Thomas Fork

below

below

12

angler 5129/00

tag failure

tag failure
tag failure

angler 4/3/01
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below

368

450

1.6

15

1-Mar-01

733

Thomas Fork

41 .262 19-0c1-00 2 batt .

below

355

350

2.1

16

30-May-01

-38500

Smith's Fork

41 .281

below

402

650

1.1

14

15-Fet>-01

672

Bear R. (up)

41 .301 28-Sep-oo 2 batt . above

453

1200

0.6

23

8-May-01

-1358

Thomas Fork

41 .321 29-Sep-oo 2 batt . above

440

1050

0.7

15

41 .341 29-Sep-oo 2 batt . above

405

BOO

0.9

41 .360 28-Sep-oo 2 batt . above

513

1550

0.5

41 .361 29-Sep-oo 2 batt.

above

401

850

41 .401 29-Sep-oo 2 batt.

above

365

41 .421 29-Sep-oo 2 batt . above

41 .242 19-0c1-00 2 batt .

19-0c1-00 2 batt .

25-Apr-01

2300

Thomas Fork

14-Nov-00

-1773

Thomas Fork

16

19-Mar-01

-1981

Thomas Fork

0.9

20

19-Apr-01

3423

Thomas Fork

700

1.1

24

25-Apr-01

1624

Thomas Fork

391

BOO

0.9

18

25-Apr-01

3331

Thomas Fork

41 .441 29-Sep-00 2 batt . above

392

700

1.1

25

8-May-01

1405

Thomas Fork

41 .460 28-Sep-oo 2 batt . above

394

BOO

0.9

22

25-Apr-01

1426

Thomas Fork

41 .481 29-Sep-00 2 batt . above

369

600

1.2

20

12-Apr-01

-456

Thomas Fork

41 .501

19-0ct-00 2 batt . above

420

900

0.8

15-Fet>-01

3268

Thomas Fork

41 .521

19-0ct-00 2 batt . above

392

700

1.1

17

12-Apr-01

785

Thomas Fork

41 .541

19-0ct-00 2 batt . above

505

1475

0.5

13

19-Mar-01

-1534

Thomas Fork

41 .560 19-0ct-00 2 batt . above

428

975

0.8

17

19-Apr-01

4256

Thomas Fork

41 .581 29-See-OO 2 batt. above

480

1100

0.7

25

25-Ma~-01

994

Thomas Fork

Angler -11 /01
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Table A-2. -Spearman correlation coefficients and associated p-values for the
relationships between median displacements and temperature metrics (calculated for the
15 fish implanted above the diversion structure during 2000/01). 7-day column
represents temperature means calculated over the seven days prior to and including the
day of telemetry contact. 1-day column represents mean, minimum, and maximum
temperature for the day of contact only.
7-day 6-day 5-day 4-day 3-day 2-day 1-day
Mean daily
correlation
-0.41 -0.41 -0.44 -0.41 -0.42 -0.42 -0.42
p-value
0.11 0.10 0.08 0.10 0.10 0.10 0.09
correlation
-0.43 -0.42 -0.44 -0.43 -0.46 -0.46 -0.47
Mean daily
minimum
E_:value
0.09 0.09 0.08 0.09 0.06 0.06 0.06
correlation
-0.41 -0.41 -0.38 -0.43 -0.40 -0.43 -0.43
Mean daily
maximum
E_:value
0.11 0.10 0.13 0.09 0.11 0.08 0.08
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Table A-3 .-Wilcoxon two-sample test for differences in frequencies of movement
(movements per contact) between fish at upstream and downstream sites during the first
study year (1999/2000).
Standard
Expected
deviation
Site
N
Mean Score
Sum of Scores
Under H.,
under Ho
Below diversion
10.642857
14
149.0
161.0
14.626667
Above diversion

8

104.0

92.0

14.626667

13.000000

Wilcoxon Two-Sample Test (t Approximation)
Two-sided Prob>IZI

0.4405

Table A-4.-Wilcoxon two-sample test for differences in frequencies of movement
(movements per contact) between fish at upstream and downstream sites during the
second study year (2000/200 I).
Standard
Expected
deviation
Site
N
Mean Score
Sum of Scores
Under H.,
under Ho
Below diversion
8.916667
12
107.0
168.0
20.380987
Above diversion

IS

271.0

Wilcoxon Two-Sample Test (t Approximation)
Two-sided Prob>IZI

0.0064

210.0

20.380987

18.066667
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Table A-5 .-Wilcoxon two-sample test for differences in frequencies of movement
(movements per contact) between fish in first and second years of the study below the
diversion structure.
Standard
deviation
Expected
Year
N Sum of Scores
Under 1-L,
under 1-L,
Mean Score
1999/2000
15.428571
14
216.0
189.0
19.388974
2000/2001

12

135.0

162.0

19.388974

11.250000

Wilcoxon Two-Sample Test (t Approximation)
Two-sided Prob>IZI

0.1839

Table A-6.-Wilcoxon two-sample test for differences in frequencies of movement
(movements per contact) between fish in first and second years of the study above the
diversion structure.
Standard
Expected
deviation
Year
Sum of Scores
Under 1-L,
under 1-L,
Mean Score
N
1999/2000
8
7.750000
62.0
96.0
15 .449778
2000/2001

15

214 .0

Wilcoxon Two-Sample Test (I Approximation)
Two-sided Prob>IZI

0.0412

180.0

15.449778

14.266667
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Table A-7 .-Wilcoxon two-sample test for differences in combined fall and winter home
ranges (October- March 15) between fish at upstream and downstream sites during the
first study year (1999/2000).
Standard
Expected
deviation
Site
N Sum of Scores
under!{,
Mean Score
Under Ho
Below diversion
13
131.0
12.605189
10.076923
136.50
Above diversion

7

79.0

73.50

12.605189

11.285714

Wilcoxon Two-Sample Test (t Approximation)
Two-sided Prob>IZI

0.6960

Table A-8 .-Wilcoxon two-sample test for differences in combined fall and winter home
ranges (October- March 15) between fish at upstream and downstream sites during the
second study year (2000/200 I).
Standard
deviation
Expected
Site
N
Under!{,
Mean Score
Sum of Scores
under Ho
Below diversion
9.153846
13
119.0
182.0
20.541286
Above diversion

14

259.0

Wilcoxon Two-Sample Test (t Approximation)
Two-sided Prob>IZI

0.0053

196.0

20.541286

18.500000
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Table A-9.-Wilcoxon two-sample test for differences in combined fall and winter home
ranges (October - March 15) between fish in first and second years of the study below
the diversion structure.
Standard
Expected
deviation
Year
N
Sum of Scores
Mean Score
Under H.,
under H.,
1999/2000
13
200.0
I 75.50
19.342699
15.384615
2000/2001

13

151.0

175.50

19.342699

11.615385

Wilcoxon Two-Sample Test (t Approximation)
Two-sided Prob>IZI

0.2262

Table A-1 0.-Wilcoxon two-sample test for differences in combined fall and winter
home ranges (October - March 15) between fish in first and second years of the study
above the diversion structure.
Standard
Expected
deviation
Year
N
Sum of Scores
Mean Score
UnderHo
under H.,
1999/2000
7
42.0
13 .399627
6.00
770
2000/2001

14

189.0

Wilcoxon Two-Sample Test (t Approximation)
Two-sided Prob>IZI

0.0181

154.0

13.399627

13.50

